This study investigates the effects of climate change factors and non-climate change factors on crop output in Nigeria. Empirical research approach was adopted with the use of secondary sources of time series annual data obtained from reputable sources for the period 1980-2013. Error Correction Mechanism was used for the analysis. It was found that in the short run, only rainfall tested significantly positive to crop output among the climate change factors but there is evidence of significant effects of all climate change factors on crop output in the long-run. For example, temperature, carbon dioxide emission, carbon emission and rainfall were tested significantly to crop output. Furthermore, non-climate change factors like economically active population, gross capital formation, and land area equipped for irrigation were significantly positive to crop output. To forestall the effects of climate change on crop output, the study recommends that policy makers should formulate policies that will aid farmers towards adaptation practices in farming that can mitigate the effects of climate change. Furthermore, governments and other relevant agencies should also design programmes that can motivate the masses to increase their involvement in crop production.
Introduction
There is a growing scientific consensus that human activities have substantially contributed to the increase in atmospheric concentration of greenhouse gases.
The increase has been enhancing the natural greenhouse effect which has in turn perature has resulted in the frequency and intensity of extreme weather conditions causing climate change. However, even though climate change is a global phenomenon, the negative impact is unevenly felt depending on the adaptive capacity of individual nations. African nations are most exposed to climate change because they lack the requisite adaptive wherewithal to cope with it.
The Intergovernmental Panel on Climate Change (IPCC) stated that climate change is emerging as one of the cardinal challenges of the 21 st century [1] . Human induced climate change resulting from increase in the concentration of greenhouse gasses (GHGs) in the atmosphere and food insecurity are too related threats facing mankind in the 21 st century. IPCC observed the unrelenting emission of greenhouse gasses into the atmosphere [2] . The gasses emitted into the atmosphere include carbon dioxide (CO 2 ), methane (CH 4 ), nitrous oxide (N 2 O), Hydroflourocarbons (HFCs) Perfluorocarbons (PFCs) and Carbonhexafluoride (CF 6 ).
All these gasses were unambiguously articulated in the Kyoto protocol. CO 2 among the gasses increased over the per capita income and population and thereby contributes to over 40% of the total emission of GHGs [3] .
Powered by solar radiation, the climate system is a complex, interactive system consisting of the atmosphere, land surface, snow and ice, oceans and other bodies of water and living things. It evolves over time under the influence of its own internal dynamics and due to changes in external factors that affect climate called "forcings". External forcings include natural phenomena (e.g., volcanic
eruptions and solar variations) as well as anthropogenic (man-made) changes that alter the balance between incoming (solar) short wave solar radiation and outgoing long wave radiation. This radiation is made possible through feedback mechanism to which the climate system responds both directly and indirectly.
As a feedback mechanism, radiative forcings, a measure that altering the balance of incoming and outgoing energy in the earth atmosphere system, has some effects on the earth surface while positive forcings tend to warm the earth surface, negative forcings tend to cool it [4] .
Warming of the climate system is increasing in recent times and the earth's temperature is highly variable. Warming trend over the last 50 years is nearly twice that of the last 100 years, and even higher over the past twenty five (25) years [5] . Rising average sea levels (from ocean warming and widespread melting of snow and ice) also provide evidence of a warming of the climate system.
Reports have shown that increasing global temperature is likely to boost agricultural production in the temperate regions and it is expected to reduce yields in the tropical regions of the world [6] . It is projected that many African regions will suffer from drought and floods with greater frequency and intensity in the nearest future [7] . The report further observed that the rise in average temperature between 1980/1999 and 2080/2099 would be in the range of 3˚C -4˚C across the entire African continent which is 1.5 times more than global level.
The report continued that Africa's Mediterranean region will experience a de- Agriculture is the mainstay of majority of households in Nigeria and a significant determinant of the Nigerian economy. The significance of the agricultural sector cannot be overemphasized as it a catalyst for food production, contributing to the gross domestic product, provision of employment and raw materials for agro allied industries, and generation of foreign earnings. A sectorial analysis in 2006 of the real GDP indicated that the agricultural sector contributed about 42 percent compared with 41.2% percent in 2005 [8] . Similarly the growth rate of the contribution of the agricultural sector to the GDP at 1990 constant basic prices grew from 4. The agricultural sector also employed over 60 percent of the total labour force in Nigeria in 1999 [9] .
Crop production takes a significant part of agricultural production in Nigeria. Generally there are many factors influencing crop production and these include soil, relief, climate and diseases among others. In relation to climate, rainfall is one of the dominant controlling variables in tropical agriculture since it supplies soil moisture for crops. Nigeria's wide range of climate variation allows it to produce a wide variety of cash and food crops [10] . Climate is an important resource to crop production in Nigeria especially in the rainforest zone of Nigeria as farmers depend largely on rain for agriculture. Studies indicate that Africa's agriculture is negatively affected by climate change, and that adaptation is one of the policy options for reducing the negative impact of climate change [11] [12] .
It is necessary to note the fact that food production can no longer keep pace with population growth in Nigeria, and food shortage is believed to be largely caused by several factors including climate change. Over 60% of the Nigerian populace depends so much on agriculturally related activities for sustenance and crop production and processing takes a significant aspect of agriculturally related activities in Nigeria. For instance, crop production and processing contributes over 80% of agricultural GDP and more than 48% of total non-oil GDP in Nigeria (CBN, [13] ). Ayinde, Muche, Olatunji [14] pointed out that climate fluctuation is putting Nigeria's agricultural system under serious threat and stress. This implies that rural sustainability and food security is under serious threat as crop production takes significant aspect of agricultural activities in Nigeria. Given this background, this study attempts to answer the following questions: 1) What is the impact of climate change on crop output in Nigeria? 2) What other factors influence crop output in Nigeria? This study is an attempt to contribute to existing literature on climate change effects on crop output.
Literature Review/Theory

Conceptual Literature and Theoretical Background
Crop production is a branch of agriculture that deals with growing crops for use given region over long periods of time [17] . Climate differs from whether in that weather only describes the short term conditions of these variables mentioned above in a given period of time.
There are many theories of climate change. The first theory of climate change reviewed in this study is known as Anthropogenic Global Warming, or AGW, [18] contends that human emissions of green-house gases, principally carbondioxide According to Gray [20] , the lead proponent of "Ocean Currents Theory" which contends that global temperature variations over the past century and a half, and particularly the past 30 years, were due to the slow-down of the ocean's Thermohaline Circulation (THC).Ocean water is constantly transferred from the surface mixed layer to the interior ocean through a process called ventilation.
The More recent discoveries have enabled scientists to accurately measure these effects on climate. Earth's orbit around the sun takes the form of an ellipse, not a circle, with the planet passing farther away from the sun at one end of the orbit than at the other end. The closest approach of the planet to the sun is called "perihelion" and the farthest is called "aphelion". Perihelion now occurs in January, making northern hemisphere winters slightly milder. The change in timing of perihelion is known as the precession of the equinoxes, and it occurs every 22,000 years.
Empirical Literature on Climate Change and Crop Production
This section provides literature on climate change and its effect on agriculture.
At the global level, a country may generate global warning through the emission of industrial pollutants and destroy the ozone layer which might affect other House Gasses (GHGs) in the atmosphere that creates concern for the globe. Such pollution is termed trans-boundary externality [22] .
On the global context externalities are specified in terms of distinction between polluting and victim countries. However, Mendelsohn and Dinar [23] have examined the impacts of climate change on agriculture in India and Brazil.
They employed three different methods for the analysis namely; the Ricardian method, Agro-economic model and agro-ecological zone analysis. Environmental factors such as farm performance, land value or net income and traditional economic inputs which are land and labour, and support system such as infrastructure were used as explanatory variables in the model. Unlike most studies, this analysis pointed out the significance of adaptation. They argue that farmers will adapt to new conditions due to climate change by making production decisions which are in their own best interest. Crop choice is one of the examples of farmers' adaptation to warmer weather in the study. Wheat, corn and rice are three crops for example used since the regions in which they grow depend on the temperature. As temperature gets warmer wheat farmers' switch from production of wheat to corn for enhanced profit making. Later, if temperature gets warmer again enough to lose profits, farmers adapt to warmer weather thus switch to rice from corn. The results of the Ricardian method; agro-economic model, and agro-ecological zone analysis showed that increase in temperature will decrease crop production especially the crops grown in cool areas such as wheat.
However, the authors argued that the result of the Ricardian method suggest that farmers ability to adapt to new conditions will mitigate the impact of climate change in the long run while the agro-economic model and agro-ecological zone analysis would be more suitable for short run analysis since the adaptations is not included in the models. Mathauda, Mavi, Bhangoo, and Daliwal [24] shows that a drop in minimum temperature also reduces the rice yield. It suggests that increases in temperature causes more damage in production. The model also found some positive effects of CO 2 concentration on rice yield but the impact was little compared to that of temperature change.
In Nigeria, Agboola and Ojeleye [27] , examined the impact of climate change in Ibadan Nigeria. The study adopted both primary and secondary sources of data.
For the secondary source of data, time series data covering 30 years were collected on climatic variables and the analysis was done with bivariate Chi-square and ANOVA supported by graphical illustrations. The study revealed that farmers have experienced reduced crop yield on food crop production due to reduction in rainfall and relative humidity as well as increase temperature.
Terfa [28] studied "climate change and food supply in Nigeria" the study adopted 
Gap in Literature
A careful study of literature available shows that most models of climate change only looks at temperature and rainfall. Only one study also included carbon emission. No single study has included enough variables in its model that could adequately explain the dependent variable (crop output). This study therefore included nine variables in its model, one dependent and eight explanatory variables to make the model more robust in explaining crop output in Nigeria. The additional variables included in this study were Carbon Emission due to Manufacturing and Industrial activities, Gross fixed Capital Formation, Agricultural Machines and Tractors, Economically Active Population in Agriculture and Land Area Equipped for Irrigation.
Methodology
Sources of Data
Rainfall data was sourced from Central Bank Statistical Bulletin [30] and computed to arrive at annual averages. Also, data on temperature was sourced and extrapolated from the work of [31] . Data on carbon dioxide due to manufacturing and industrial activities in Nigeria was sourced from World data Atlas [32] . Data on Gross fixed Capital Formation, Agricultural Machines and Tractors, Economically Active Population in Agriculture, Land Area Equipped for Irrigation were sourced from African Development Indicator, Crop Production index and Carbondioxide Emissions were sourced from [33] . The data set used in this study ranges from 1980-2013.
Theoretical Framework
The empirical framework follows the derivation in Bond, Leblebicioglu, Schiantarelli [34] . Though, the derivation of this framework was used for panel study, its theoretical explanation could be used for time series studies as it best fits in explaining the dynamic linkages between climate variables and crop production. This is presented as follows. Consider the following simple economy:
where Y is aggregate output, L measures population, A measures labor productivity, and T measures climate. Equation (1) captures the level effect of climate on production; that is, the effect of current temperature or precipitation on crop yields. Equation (2) 
Model Specification and Analytical Technique
The analytical technique used in this study is the Error Correction model. The tight linkage between cointegration and error correction models stems from the Granger representation theorem. According to this theorem, two or more integrated time series that are cointegrated, have an error correction representation, and two or more time series that are error correcting are cointegrated [35] . This technique of analysis is adopted because it provides evidence of both shortrun The econometric version of the model will be specified as follows Model 4 is specified with the error correction term. It explains the rate of adjustment within the system per annum if there is a shock. The error correction term must be negative show that the system is converging in the longrun, in order words the system will return to equilibrium in twelve months (Table 1) .
Preliminary Tests
Due to the fact that the variables in the model are time series it is necessary to test for their order of stationarity. This study used the augmented Dikey-Fuller test (ADF) to check the unit root properties of the series. The presence of a long run relationship among the variables was tested using Engle-granger cointegration method on the basis that the variables are integrated of order one, i.e., I(1).
The method specifies that though the series may not be stationary at first difference I(1), there can still be a long run relationship among them if their residual is stationary at levels I(0). The test of long run relationship among the series is called cointegration.
Results and Discussions
This section is the presentation and analysis of data. The statistical package used is Stata 12 th edition and procedure of the analysis that led to these results is already described in Section 3.1. The results are as follows
Results of Unit Root Tests
Results in Table 2 shows that all the series tested became stationary at first difference. A further test needs to be carried out in order to ensure that there is a long-run relationship among variables. To achieve this, the study used the Augmented Dickey Fuller test which specifies that the residuals of the regression must be stationary at first difference.
Results of Engle-Granger Test of Cointegration
This test investigates long run relationship among variables through Unit root test of residuals.
Results in Table 3 above shows that there is a long run relationship among variables since the residual of the regression has shown that the absolute value of test statistic is higher than that of its critical value at 1%, 5% and 10% critical value, and a probability value of less than 5%. This shows that the variables are cointegrated in the long run, hence the minimum condition for the use of Error Correction Model. Table 4 below shows that in the short run only agricultural machines and tractors (AGMT), economically active population in agriculture (EAPA), rainfall (RAIN), have indicated a significant influence on crop output (CPRI) at 95% confidence level, the rest of the variables tested insignificant to crop output. Also the coefficients of all the variables are in line with apriori expectations except AGMT. The error correction term which is negative, shows that the economy converges or will returns to equilibrium at the rate of 23% per annum if there is a shock within the system. In the short-run, among the climate change factors, the results show that only rainfall has a significant effect on crop output. Table 5 presents the results of long-run model of the error correction mechanism. Whereas in the short run model only rainfall, agricultural machines and tractors, and economically active population in agriculture were significantly positive to crop output, the long-run equilibrium of the model shows that almost all variables tested significant to crop output at 95% confidence level while Gross capital formation GCF and TEMP were significant at 90% confidence level within the period under investigation. This implies that as gross capital formation increases crop yield will also increase while as temperature increases crop yield will decrease. The implication is that stakeholders must begin to develop and encourage adaptation strategies for crop production methods so as to avoid a fall in crop output in future. It is necessary to note that a reduction in output of th edition (2017). ***, **, *indicates significant at p < 0.01, p < 0.05, and p < 0.1 respectively. crops will mean a fall in food supply thereby limiting the chances of achieving food security in Nigeria. In addition to this, Nigeria must begin to adopt policies that will grow her capital formation which can positively impact on crop production, since this study has shown that it will have a significant impact on crop out in Nigeria, failure to do this will cause food supply to reduce thereby leading to increase in prices and hence poverty. The study also shows that all variables have a significant impact on crop output except AGMT which indicates an insignificant relationship, even though AGMT presented a significant relationship in the short run and is inappropriately signed negating our apriori expectation, this study believes that the deviation of the sign of the coefficient from apriori expectation may be due to the fact that the high cost of importation of agricultural machines and tractors may act as a drain on the economy financially therefore negatively affect crop output. The result also indicates that the explanatory variables have explained the dependent variable crop output by 94% in the short run and 80% in the long run. All the results have shown evidence that the model is well fitted with an acceptable probability value of less than 5% which also validates the model.
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The values of correlation below further indicates the direction and strength of relationship between CRPI and other variables that were studied, for example the correlation between Crop production index (CRPI) and carbon dioxide emission (CO 2 E) is 8.48% and negative which shows that CO 2 E is a variable that must not be taken for granted in crop production efforts. Again, the correlation between Crop production index (CRPI) and carbon emission (due to manufacturing activities) CARBE is 26% and negative which indicates a strong relationship which is in line with our apriori expectations. This also means that the value CARBE must be observed closely and mitigation adopted to forestall decrease in crop production. The correlation between Crop production index and (CRPI), temperature (TEMP) and rainfall in Table 6 above has shown 33% and positive as well as 38% and negative respectively. This generally shows that the effects climate change variables on crop output must be taken seriously by all stakeholders to achieve development. This result of correlation matrix further asserts the authenticity of the findings above.
The values of the standard deviation of the variables in Table 7 It can be seen that the model is stable, as it is maintained within the 5 percent significance level under the observation period (Table 8 ).
Null hypothesis: Residuals are not serially correlated.
The p value is greater than 5 percent, therefore we accept the null hypothesis that there is no serial correlation. The residuals are not serially correlated and this is a desirable result. This test authenticates our model.
The findings of this study on rainfall is not in agreement with the findings of Terfa [28] which states that rainfall did not significantly influence food supply both in the short run and the longrun, whereas temperature in this study show an insignificant relationship with crop output in the shortrun, there is evidence of a significant relationship in the longrun. Furthermore, this study agrees with the findings of Eregha, Babatolu, and Akinnubi [29] on the variable carbon emission which states that carbon emission has a significantly negative influence on crop output.
The results in Tables 4-6 above implies that given the significant effects of climate change on crop output, policy makers and appropriate government agencies must begin to pay keen attention to diverse methods of crop production strategies that can mitigate the negative effects of climate change otherwise crop output will fall. A fall in crop output will lead to increase in prices of food which may lead to reduced demand resulting to hunger, reduced productivity, social tension and underdevelopment in Nigeria. 
Conclusions and Recommendations
In the short-run, only rainfall have shown a significantly positive relationship on crop production while the rest of the climate change factors like carbon dioxide, temperature, and carbon emission (due to manufacturing and industrial activities) indicated insignificant influence on crop production within the period studied. The error correction term have indicated that the system in case of shock within the economy, can recover or equilibrate in the long run at the rate of 23% per annum. However, in the long-run the study further provides evidence that among climate change factors that we studied, carbon dioxide emission, rainfall, temperature and carbon emission (due to manufacturing and industrial activities) will have a significant influence on crop production. The study also found that the influence of carbon dioxide emission as well as carbon emission (due to manufacturing and industrial activities) has indicated a negative influence on crop production which is in line with the study expectations. Very importantly too, the other determinants of crop production studied along with climate change factors like gross capital formation, economically active population in agriculture and land area equipped for irrigation will have a significantly positive influence on crop production in Nigeria in the long-run, only agricultural machines and tractors have shown an insignificantly negative influence on crop production.
To forestall these effects, the study recommends that policy makers are en- couraged to formulate policies that will aid farmers towards adaptation to farming practices that can mitigate the effects of climate change. For example, development of crop seedlings through the use of biotechnology that produces within short gestation, also crops that do well even in high temperature and are resistant to effects of carbon and carbon dioxide emission. This can be achieved through formulation of policies that can ensure more effective funding of research institutes and biotechnology Centre of Nigeria. Governments and other relevant agencies should also design programmes that can motivate the masses to increase their involvement in crop production as well as provision of irrigation facilities to provide moisture to crops therefore encourage all season farming. These recommendations are germane towards achieving food security, raising the welfare standards of farmers to further encourage productivity and reduce food prices and imports in Nigeria.
